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DEVICE FOR DETERMINING AT LEAST ONE PARAMETER OF A MEDIUM 

FLOWING IN A LINE 

Background Information 

5 The present invention relates to a device for determining at least one parameter of a medium 
flowing in a line, having the features of the preamble of independent Claim 1. 

DE 196 23 334 Al describes a device for determining the mass of a medium flowing in a 
line, having a part which is inserted into the line and in which a measuring channel having a 
measuring element is situated. Devices of this kind are used, for example, as air-mass meters 

10 in the air-intake tract of an intemal combustion engine. Spray water and dust, which are 
transported by the medium, are able to enter the air-intake tract. Moreover, when shutting 
down the intemal combustion engine, oil vapor may enter the air-intake tract through the 
crankshaft ventilation inlet. In the known device, the fluid or solid particles transported with 
the medium can penetrate into the measuring channel and soil the measuring element. The 

15 resulting change of the sensor characteristic leads to disadvantageous deviations of the 
measuring results from the actually obtaining values. 

Summary of the Invention 

By contrast, the device according to the present invention for determining at least one 
parameter of a medium flowing in a line, having the characteristic features of Claim 1, has 

20 the advantage that the danger of a contamination of the measuring element by liquid droplets 
or solid particles is markedly reduced and a characteristic drift is reliably avoided. Means 
provided in a channel segment of the measuring channel cause flow vortices in this channel 
segment. In the flow vortices, the liquid droplets and solid particles do not move with the 
same alignment in the longitudinal direction of the channel, but rather approximately in a 

25 screw- or spiral-like manner. Before they can reach the measuring element, the liquid and 
solid particles, having entered the measuring channel, are advantageously deposited in the 
measuring channel as a consequence of the different densities of liquid and solid particles on 
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the one hand and of the medium on the other hand and the resulting different centrifugal 
forces. ^ ^ 

Advantageous exemplary embodiments and further developments of the present invention are 
made possible by the features indicated in the dependent claims. 

5 It is known that, in the operation of the internal combustion engine, air flows in a main flow 
direction in the line of the air-intake tract, a partial flow of this air reaching the measuring 
channel of the device and streaming through this measuring channel in a predetermined first 
direction fi-om the intake to the outlet. If there is now a brief return flow of the medium in the 
line counter to the proper main flow direction, when the internal combustion engine is 

10 switched off for example, oil droplets and similar contaminants, which enter the line of the 

intake tract through the crankcase ventilation inlet of the vehicle and which are transported by 
the return flow counter to the main flow direction, can enter the measuring channel through 
the outlet of the measuring channel. Especially advantageous therefore is an exemplary 
embodiment of the device according to the present invention in which the channel segment, 

15 fitted with the means that cause the vortices, is situated, when viewed in the first direction, 
between the measuring element and the outlet of the measuring channel, as a result of which 
flow vortices are created in the return flow in this chanhel segment causing the oil droplets to 
be deposited before they can reach the measuring element. ' 

The means- can be formed in a simple manner by structuring the inner wall of the channel 
20 segment, which may feature steps, edges, projections or similar geometries, at which flow 
vortices form in the medium flowing into the measuring channel. It is especially 
advantageous, if the inner wall of the channel segment has at least one step and preferably 
several steps arranged in series. The flow vortices can be additionally amplified, if at least 
one step is formed on opposite inner walls of the channel segment. 

25 In a preferred exemplary embodiment, the measuring chaimel has a first segment having an 
interior cross-section continuously tapering in the first direction. The first segment is 
mediately or immediately followed by a further segment having an interior cross-section 
increasing by steps in the first direction. The segment continuously tapering in its interior 
cross-section in the first direction preferably acts in the first direction as an acceleration slope 

30 for the partial flow of the medium flowing through the measuring channel in the forward 
direction from the intake to the outlet. The second segment preferably acts in the case of a 
return flow of the medium in the measuring channel, flow vortices advantageously forming in 
series at several steps and liquid droplets and solid particles depositing on the inner wall of 
this segment of the measuring channel. 
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The steps in this channel segment advantageously have an edge running at least partly at an 
angle an^or at Jpast partly transversely to the direction of flow of the medium in the 
measuring channel. It can thereby be achieved that the flow of the mediimi flowing across the 
edge forms screw-like or spiral-like flow vortices which rotate about imaginary axes running 
5 at an angle and/or transversally to the direction of flow. 

Due to the fact that the at least one step has an edge running essentially transversally to the 
direction of flow of the medimn in the measuring channel and that the step has a recess 
opening towards the edge of the step, the edges of the recess running at least partly at an 
angle or parallel to the direction of flow of the medium in the measuring channel, the 
10 formation of screw-like or spiral-like flow vortices can be achieved, which rotate about 

imaginary axes running approximately along the direction of flow. The latter are especially 
advantageous for the deposition of oil droplets and contaminants on the inner walls of the 
channel segment of the measuring channel. 

To generate flow vortices that run approximately along the direction of flow, it is also 
15 possible to fit the inner wall of the channel segment with structures, the edges of which run 
approximately along the direction of flow in the measuring channel. Preferably, these . 
structures can be formed by longitudinal ribs running along the direction of flow in the . 
me2isuring channel arid projecting into the interior, which are preferably distributed in this ' 
channel segment over the entire inner circumference of the inner wall. 

20 Brief Description of the Drawing ) . . 

Exemplary embodiments of the present invention are depicted in the drawing and will be 
explained in the following description. The figures show: 

Fig. 1 a cross-section of a first exemplary embodiment of the part of the device according to 
the present invention that is fitted with the measuring channel in a position of being inserted 
25 in the line. 

Fig. 2 through 4 various exemplary embodiments for the structuring of the inner wall of the 
channel segment generating the flow vortices. 

Fig. 5 a cross-section of a further exemplary embodiment of the part of the device according 
to the present invention that is fitted with the measuring channel in a position of being 
30 inserted in the line. 

Description of the Exemplary Embodiments 
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Fig. 1 shows a section of a line 3 in which a medium flows in a main flow direction 18. The 
line may, be, foriCxample, an intake manifold of an intemal combustion engine. The medivun, 
for example, is the air flowing in the intake manifold which is fed to the intemal combustion 
engine in the main flow direction 18. A device 1 according to the present invention is situated 
5 at line 3 in such a way that a part 6 of the device protrudes into line 3 and is exposed to the 
medium flowing there at a predetermined alignment. In addition to part 6 inserted into the 
line, device 1 for determining at least one parameter of the medium also includes a carrier 
part, not shown in detail, having an electrical connection, an evaluation electronics being 
accommodated, for example, in the carrier part. Together with part 6, device 1 may be 
10 inserted, for example, through an insertion opening 16 of a wall 15 of line 3, wall 15 

delimiting a flow cross-section of line 3. The evaluation electronics may be positioned inside 
and/or outside of the flow cross-section of line 3. 

For example, in device 1, a measuring element 9 is used on a measuring element carrier 10 
that is electrically connected to the evaluation electronics. With the aid of measuring element 
15 9, for example, the volumetric flow or the mass flow of the flowing medium is determined as 
a parameter. Additional parameters which may be measured are, for instance, pressure, 
temperature, concentration of a medium component or flow velocity, which are ascertainable 
using suitable sensor elements. 

Device 1 has, for instance, a longitudinal axis 12 in the axial direction, which, for example, 
20 proceeds into line 3 in the insertion direction of device 1, and which may also be, for 

example, the center axis. The direction of the flowing medium, in the following known as the 
main flow direction 18, is indicated by corresponding arrows 18 in Fig. 1, and runs there 
from right to left. When installing part 6 into line 3, it is ensured that part 6 has a 
predetermined orientation with respect to main flow direction 18 of the medixmi. 

25 Part 6 has a housing having, for example, a rectangular-shaped structure, including a front 
wall 13 facing towards, and aback wall 14 facing away from, main flow direction 18 of the 
medium in the installation position, a first side wall and a second side wall and a third wall 19 
mnning, for example, parallel to the main flow direction. In addition, part 6 has a channel 
structure located therein, having an input region 27 and a measuring channel 40 branching off 

30 from input region 27. The positioning of device 1 relative to line 3 ensures that the medium 
flowing in main flow direction 18 impinges upon part 6 in a predetermined direction and that 
a partial flow of the medium in this direction reaches input region 27 through an opening 21 
at front side 13. Opening 21 may be aligned perpendicular to main flow direction 18, for 
example, but another orientation of opening 21 to main flow direction 18 is conceivable as 

35 well. Starting from input region 27 and proceeding through an intake 41, the mediimi 
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partially reaches measuring channel 40 branching off from the intake area and fitted with 
measuring element 9. It partially continues to flow into a separation zone 28, located 
downstream of the intake of the measuring channel, which is connected to line 3 through at 
least one separation opening 33 situated in the first side wall and/or in the second side wall 
5 and/or in wall 19. In the flowing mediimi, for example, liquid and/or solid particles such as 
oil or water particles are present, which could soil or damage measuring element 9. Through 
separation opening 33, the liquid and solid particles are able to flow back into line 3. In the 
exemplary embodiment shown in Fig. 1, main flow direction 18 runs in a plane in which 
separation opening 33 is situated as well. However, the plane in which separation opening 33 
10 is located may also be situated at an angle differing from zero degrees with respect to main 
flow direction 18. 

In axial direction 12, opening 21 at front side 13 of part 6 has an upper edge 36, which is 
closest to measuring element 9 in axial direction 12. An imaginary upper plane 39 runs 
through upper edge 36 as well as perpendicular to the plane of the drawing in Fig. 1 and 
15 parallel to the main flow direction 18. Separation opening 33 is situated in axial direction 12 
below this upper plane 39. In the area of opening 21, input region 27 is provided with slanted 
or curved surfaces 22 and with a separating wall 51, which is constructed in such a way that j 
the medium flowing into the input region is steered away from the upper plane 39. 

Since the liquid iand/or solid particles are larger and have a greater density than the gaseous j . 
20 flowing mediiun, they move in axial direction 12 away from upper plane 39. Since separation 
opening 33 is situated below upper plane 39, the liquid and solid particles collect in 
separation zone 28 and are sucked out into line 3 by the air flowing past separation opening 
33. 

Starting from input region 27, a first segment of measuring channel 40 extends from intake 
25 41 at first approximately to insertion opening 16. Having entered measuring channel 40 

through intake 41 in a first direction a, the partial flow flows to measuring element 9. This 
first segment is followed by a fiirther segment 44, in which the partial flow is deflected and 
flows past measuring element 9. When viewed in direction a of the flow, the cross-section of 
fiirther segment 44 tapers approximately from line 42 shown in Fig. 1 upstream of the 
30 measuring element to line 43 downstream of measuring element 9. This is achieved by two 
mutually facing acceleration slopes, the viewer in the representation of Fig. 1 looking 
perpendicularly onto the first slope. Due to the tapering of the cross-section or due to the 
acceleration slopes in the form of an all-round or partial narrowing of the side surfaces of 
measuring chamnel 40, the medium is transported rapidly in the first direction a through the 
35 measuring channel and following air is thereby siphoned off from the input region 27. From 
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segment 44, the medium continues to flow and is deflected into a channel segment 45 of the 
measuring chanpel, extending away from insertion opening 16 approximately in axial 
direction 12. From this segment, it is deflected into an additional segment 48, which runs, for 
example, counter to main flow direction 18, and reaches line 3 via an outlet 49 of measuring 
5 channel 40, which is situated, for example, perpendicularly to main flow direction 1 8 or at an 
angle differing from zero degrees with respect to main flow direction 18. Here, measuring 
channel 40 is thus designed approximately in a C shape, for example. 

If the mediimi in line 3 runs counter to the proper main flow direction 18, when the internal 
combustion engine is switched off for example, oil droplets and similar contaminants, which 

10 enter the line of the intake tract through the crankcase ventilation inlet of the vehicle and 
which are transported counter to main flow direction 18, can enter measuring channel 40 
through outlet 49 of measuring channel 40. This medium flow flows in a second direction b 
(return flow) counter to the first direction a into the measuring channel as shown in Fig. 1. As 
can also be seen in Fig. 1 , means 46 are situated in channel segment 45 in direction b of the 

15 retum flow behind outlet 49 and in front of measuring element 9, which, in the case of a 

retum flow, cause flow vortices in this channel segment and which lead to the deposition of 
the oil droplets before they can reach the measuring element. These means can in principle be 
formed in various ways. It is conceivable, for example, to install separating walls, crosspieces 
or similar means that cause the formation of vortices. In the preferred exemplary embodiment 

20 shown here, the means are formed by structuring the inner wall of the channel segment. The 
interior cross-section of channel segment 45 increases by steps in the first direction a, at least 
one step being provided and the steps 46 having an edge 57 running at least partly at an angle 
and/or at least partly transversely to the direction of flow b of the medium in the measuring 
channel 40. In Fig. 1, the steps are formed at the inner wall of channel segment 45 visible in 

25 Fig. 1 and on another inner wall of channel segment 45 which lies across from this inner wall 
and which is not visible in the cross-sectional view. 

Fig. 2 shows an enlarged detailed view. The at least one step 46 has an edge 57 running 
essentially transversally to the direction of flow of the medium in measuring channel 40 in 
direction x. As can also be seen, step 46 additionally has a recess 47 opening towards edge 

30 57, the edges 47a of recess 47 running at least partly at an angle or parallel to the direction of 
flow of the medium (direction b) in measuring channel 40. In the case of a retum flow in 
direction b, the medium flow flows towards step 46. Screw-like or spiral-like flow vortices, 
their axes running in the X direction, are thereby created at edge 57 running transversely to 
direction b. Additionally, screw-like or spiral-like flow vortices with axes running in 

35 direction b are created at edges 47a. The flow vortices forming at the steps are macro- vortices 
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having an axial and radial extension in the millimeter range. Due to the flow vortices, fluid 
droplets and dir^ particles are deposited on the inner wall of channel segment 45 before they 
can reach measuring element 9. For clarification, it should be mentioned that in the context of 
the patent application, "flow direction a" or "flow direction b" mean the direction of the flow 
5 fi-om the intake to the outlet of the measuring channel, or, in the opposite direction, from the 
outlet to the intake, and not the direction of the circulating flow in the generated vortices. 

A modified exemplary embodiment is represented in Fig. 3. Here, edges 47a of recess 47 run 
at an angle with respect to flow direction b of the return flow, so that flow vortices having 
axes that run at an angle with respect to flow direction b are also formed at recess 47. 

10 An additional exemplary embodiment is represented in Fig. 4. Here, step 46 is formed having 
an edge 57 running at an angle with respect to flow direction b of the return flow, resulting in 
the formation of flow vortices having an axis running at an angle a with respect to flow 
direction b. 

In the exemplary embodiments of Fig. 1 through Fig. 4, steps 46 are situated, when viewed in 
15 the direction of flow, behind the measuring element so as to generate flow vortices in case of 
a return flow of the medium in direciiori b. It is' also possible, however, to provide steps or 
other structures between intake 41 and the measuiing element so as to generate flow vortices 
in a medium flow in the flow direction a leading from the intake to the outlet of the 
measuring channel as well, so that humidity and solid particles that have entered the 
20 measuring channel through the intake are deposited on the inner wall on the upstream side of 
the measuring element. 

An additional exemplary embodiment is represented in Fig. 5. In this exemplary embodiment, 
channel segment 45 fitted with the structures is situated more closely to outlet 49. The iimer 
wall 45a of channel segment 45 is provided with stmctures having edges that run 

25 approximately along flow direction b in measuring channel 40. In a particularly advantageous 
manner, the stmctures may be formed by longitudinal ribs 55 running along the direction of 
flow in the measuring channel and projecting into the interior, which are preferably 
distributed in this channel segment over the entire inner circumference of the inner wall. In 
case of a return flow, flow vortices are formed along flow direction b in channel segment 45 

30 due to ribs 55. As a result of the different densities of oil droplets and air and of the resulting 
different magnitudes of the centrifugal forces, the oil present in the air is deposited on the 
surface of the inner wall of the measuring channel. 
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